length are generally preferred, though, in order to increase stability and selectivity of the 
hybrid, and thereby improve the quality and degree of specific hybrid molecules obtained. 
One will generally prefer to design nucleic acid molecules having gene-complementary 
stretches of 14 to 20 nucleotides, or even longer where desired. Such fragments may be 
5 readily prepared by, for example, directly synthesizing the fragment by chemical means, 
by application of nucleic acid reproduction technology, such as the PCR^^ technology of 
U. S. Patents 4,683,195, and 4,683,202, herein incorporated by reference, or by excising 
selected DNA fragments from recombinant plasmids containing appropriate inserts and 
suitable restriction sites, 

10 A particularly preferred oligonucleotide is the 63-mer identified in SEQ ID 

NO: 18. The oligonucleotide is particularly preferred for preparation of mutagenized 
nucleic acid sequences to produce toxins with improved properties. Mutagenic 
oligonucleotides may be prepared with known or random substitutions, by methods well- 
known to those of skill in the art. Such oligonucleotides may be provided by commercial 

1 5 firms that perform custom syntheses. 

Accordingly, a nucleotide sequence of the invention can be used for its ability to 
selectively form duplex molecules with complementary stretches of the gene. Depending 
on the application envisioned, one will desire to employ varying conditions of 
hybridization to achieve varying degree of selectivity of the probe toward the target 

20 sequence. For applications requiring a high degree of selectivity, one will typically desire 
to employ relatively stringent conditions to form the hybrids, for example, one will select 
relatively low salt and/or high temperature conditions, such as provided by about 0.02 M 
to about 0.15 M NaCl at temperatures of about 50^C to about 70°C. These conditions are 
particularly selective, and tolerate little, if any, mismatch between the probe and the 

25 template or target strand. 

Of course, for some applications, for example, where one desires to prepare 
mutants employing a mutant primer strand hybridized to an underlying template or where 
one seeks to isolate a crystal protein-coding sequences for related species, functional 
equivalents, or the like, less stringent hybridization conditions will typically be needed in 

30 order to allow formation of the heteroduplex. In these circumstances, one may desire to 
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employ conditions such as about 0.15 M to about 0.9 M salt, at temperatures ranging 
from about 20°C to about 55°C. Cross-hybridizing species can thereby be readily 
identified as positively hybridizing signals with respect to control hybridizations. In any 
case, it is generally appreciated that conditions can be rendered more stringent by the 
5 addition of increasing amounts of formamide, which serves to destabilize the hybrid 
duplex in the same manner as increased temperature. Thus, hybridization conditions can 
be readily manipulated, and thus will generally be a method of choice depending on the 
desired results. 

1 0 4.6 Expression Vectors 

The present invention contemplates an expression vector comprising a 
polynucleotide of the present invention. Thus, in one embodiment an expression vector is 
an isolated and purified DNA molecule comprising a promoter operatively linked to an 
coding region that encodes a polypeptide of the present invention, which coding region is 
1 5 operatively linked to a transcription-terminating region, whereby the promoter drives the 
transcription of the coding region. 

As used herein, the term "operatively linked" means that a promoter is connected 
to an coding region in such a way that the transcription of that coding region is controlled 
and regulated by that promoter. Means for operatively linking a promoter to a coding 
20 region are well known in the art. 

In a preferred embodiment, the recombinant expression of DNAs encoding the 
crystal proteins of the present invention is preferable in a Bacillus host cell. Preferred 
host cells include 5. thuringiensis, 5. megaterium, B, cereus, B. subtilis, and related 
bacilli, with B. thuringiensis host cells being highly preferred. Promoters that function in 
25 bacteria are well-known in the art. An exemplary and preferred promoter for the Bacillus 
crystal proteins include any of the known crystal protein gene promoters, including native 
crystal protein encoding gene promoters. Alternatively, mutagenized or recombinant 
crystal protein-encoding gene promoters may be engineered by the hand of man and used 
to promote expression of the novel gene segments disclosed herein. 
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In an alternate embodiment, the recombinant expression of DNAs encoding the 
crystal proteins of the present invention is performed using a transformed Gram-negative 
bacterium such as an £ coli or Pseudomonas spp. host cell. Promoters which function in 
high-level expression of target polypeptides in E. coli and other Gram-negative host cells 
5 are also well-known in the art. 

Where an expression vector of the present invention is to be used to transform a 
plant, a promoter is selected that has the ability to drive expression in plants. Promoters 
that function in plants are also well known in the art. Useful in expressing the 
polypeptide in plants are promoters that are inducible, viral, synthetic, constitutive as 
10 described (Poszkowski et ai, 1989; Odell et al, 1985), and temporally regulated, 
spatially regulated, and spatio-temporally regulated (Chau et al, 1989). 

A promoter is also selected for its ability to direct the transformed plant cell's or 
transgenic plant's transcriptional activity to the coding region. Structural genes can be 
driven by a variety of promoters in plant tissues. Promoters can be near-constitutive, 
1 5 such as the CaMV 35S promoter, or tissue-specific or developmentally specific promoters 
affecting dicots or monocots. 

Where the promoter is a near-constitutive promoter such as CaMV 35S, increases 
in polypeptide expression are found in a variety of transformed plant tissues {e.g., callus, 
leaf, seed and root). Alternatively, the effects of transformation can be directed to 
20 specific plant tissues by using plant integrating vectors containing a tissue-specific 
promoter. 

An exemplary tissue-specific promoter is the lectin promoter, which is specific for 
seed tissue. The Lectin protein in soybean seeds is encoded by a single gene (Lei) that is 
only expressed during seed maturation and accounts for about 2 to about 5% of total seed 
25 mRNA. The lectin gene and seed-specific promoter have been fully characterized and 
used to direct seed specific expression in transgenic tobacco plants (Vodkin et al, 1983; 
Lindstrom etal, 1990.) 

An expression vector containing a coding region that encodes a polypeptide of 
interest is engineered to be under control of the lectin promoter and that vector is 
30 introduced into plants using, for example, a protoplast transformation method (Dhir et al. 
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